Objective: The present objective was to determine frequency of Arginine389Glycine (Arg389Gly) and Cytochrome p450 2D6*10 (Cyp2D6*10) polymorphism in cases of heart failure-reduced ejection fraction (HFREF), and to evaluate the influence of the polymorphisms in response to beta-blocker (BB) therapy. Methods: A total of 206 HFREF patients and 90 healthy controls were prospectively enrolled. Genotypes for Arg389Gly and Cyp2D6*10 polymorphisms of the healthy controls and 162 of the 206 heart failure (HF) patients were measured, identified by polymerase-chain-reaction-and restriction-fragment-lengthpolymorphism analysis. HFREF patients and healthy controls were compared regarding Arg389Gly polymorphism. The HFREF patients were separated into 2 subgroups based on achievement of maximal target dose (MTD) of BB. Results: When comparing frequency of genotype distribution for Arg389Gly polymorphism in HFREF patients to the healthy controls, a statistically significant association was observed with CC genotype and Glisin-Glisin (GG) genotype (p<0.001, odds ratio [OR]=16, confidence interval [CI]: 3.8-67.9 and p<0.001, OR=0.3, CI: 0.2-0.6). Frequency of genotypes for Arg389Gly and Cyp2D6*10 polymorphism were similar in patients who could or could not achieve BB MTD (p=0.13 and p=0.60, respectively).
B
eta-adrenergic receptors (ADRBs) belong to the G protein-coupled receptor family, and are found in the heart in B1, B2, and B3 forms. As the intracellular domain of B1 and B2 receptors interact with G protein, adenylate cyclase becomes active, activating the type-L calcium channel via cAMP signalization, and causing increased cardiac contractility and heart rate. The function of the B3 receptors in the heart has yet to be clarified. [1] In addition, signalizations in ADRBs, and specifically in the B1 receptors, play an important role in the pathophysiology of heart failure (HF). [2] There are variations in HF patients regarding response to beta-blocker (BB) therapy, and reaching and tolerating the highest target dose recommended in current guidelines. [3, 4] Various studies have shown that polymorphism in ADRB1 genes plays an important role in the development of these variations. [5] [6] [7] [8] [9] One of the most frequently seen and studied types of polymorphism is B1 Arginine389Glycine (Arg389Gly). Arg389Gly polymorphism results in substitution of the amino acid arginine by glycine at a critical site for G protein coupling. In a previous in vitro study, it was found that the arginine form in ADRBs1 causes more cAMP signal generation, in addition to enabling more active receptors, compared with the Glisin form. [10] This suggests that this polymorphism, which changes receptor activity, can also affect pathophysiology of HF and tolerability of BB. Identified for this polymorphism were the homozygote wild genotype, ArgininArginin (CC), the heterozygote genotype, GlisinArginin (GC), and the homozygote mutant genotype, Glisin-Glisin (GG).
[11] The term "wild-type allele" is sometimes used to describe an allele thought to contribute to the typical phenotypic character, as seen in wild populations of organisms. Such a wild-type allele was historically regarded as dominant, common, and normal, in contrast to mutant alleles, which were regarded as recessive, rare, and frequently deleterious. It was once thought that most individuals were homozygous for the wild-type allele at most gene loci, and that any alternative mutant allele was found in homozygous form in a small minority of affected individuals, often as genetic diseases, and more frequently in the heterozygous form in carriers for the mutant allele. It is now understood that most or all gene loci are highly polymorphic, with multiple alleles and with frequencies that vary from population to population. It is also presently understood that a great deal of genetic variation is hidden in the form of alleles that do not produce obvious phenotypic differences.
In addition, the metabolism of BBs may also exhibit changes in individuals. These changes cause differences in drug pharmacokinetics and drug response.
Cytochrome p450 2D6 (Cyp 2D6) enzyme plays a role in the metabolism of many BBs, and genes for this enzyme are known to be highly polymorphic. It has been demonstrated in various studies that these genetic variations lead to different responses to BBs. Cytochrome p450 2D6*10 (Cyp2D6*10) polymorphism is one of the most important variants of Cyp2D6. Homozygote wild genotype (CC), heterozygote genotype (CT), and homozygote mutant (TT) genotypes were identified for Cyp2D6*10 polymorphism. [6, [12] [13] [14] By considering the roles of ADRBs1s in the progress and treatment of HF, the frequency of ADRBs1 Arg389Gly polymorphism in patients with heart failurereduced ejection fraction (HFREF) in a selected Turkish population was presently investigated. The effects of ADRBs1 Arg389Gly polymorphism and Cyp2D6*10 polymorphism in the Cyp2D6 enzyme, which plays a role in BB metabolism, was investigated, concerning the effectiveness of BBs and treatment responses in HFREF patients. The control group consisted of 90 healthy individuals with no medical condition, and who were not using a BB. Patients with contraindications for BBs were excluded, and these included pregnancy or suspected pregnancy, asthma or severe chronic obstructive pulmonary disease, symptomatic peripheral artery disease, sinus nodal disease or conduction system disease coexisting with bradycardia, severe decompensated HF (class IV) exhibiting with hemodynamic instability hypotension, history of severe depression, and Raynaud phenomenon. Clinical data assessed included systolic blood pressure, heart rate, NYHA classification, body mass index, atrial fibrillation (AF), history of myocardial infarction (MI), and use of cardiovascular medication. However, echocardiographic and laboratory parameters were recorded.
METHODS

Study population
Medications and beta-blocker titration
Maximum recommended target doses were 10 mg/ day for bisoprolol, 10 mg/day for nebivolol, 200 mg/ day for metoprolol, and 50 mg/day for carvedilol. [15] Visits were conducted to evaluate whether the patients had reached the maximum recommended target doses of the BBs. Treatment of recommended lowest BB dose for HFREF patients was initiated, and doses were increased at 2-week intervals. Patients were clinically evaluated at 5 visits: once at the beginning, 3 times during possible dose increases, and once at the end of the study. At each visit, patients were evaluated for symptomatic bradycardia, symptomatic hypotension, atrioventricular block, increased dyspnea, weakness, dizziness, decreased libido, and changes in mental status. However, final decision to increase BB dose was left to the doctor who monitored the patient.
Patients with HF were separated to 2 groups: those that achieved the maximal target dose (MTD) recommended in current HF guidelines, and those that did not. Demographic, clinical, and echocardiographic properties were compared between groups, as were genotypic properties concerning Arg389Gly and Cyp2D6*10 polymorphism.
Echocardiographic parameters
Echocardiographic measurements were made according to recent guidelines. [16] EF was calculated using modified Simpson's rule. Left atrium size was measured at end-ventricular systole using M-mode linear dimension, obtained from parasternal long-axis view.
Valvular regurgitations were graded into 2 categories (moderate-severe or not) via combination of color flow jet Doppler signal intensity and vena contracta width, according to guidelines. [17] 
Genetic analysis
Peripheral blood was obtained for DNA isolation and genotyping. Arg389Gly polymorphisms of the ADRBs1 gene, and Cyp2D6*10 polymorphisms of the Cyp2D6 enzyme gene were analyzed using polymerase-chain-reaction-and restriction-fragmentlength-polymorphism. [18, 19] Allele frequencies of ADRBs1 gene polymorphism were obtained by direct counting. While genotype frequencies of ADRBs1 polymorphism were not in the Hardy-Weinberg equilibrium, those of Cyp2D6*10 polymorphism were.
Written informed consent was obtained from all patients. The study was performed in accordance with the Declaration of Helsinki for Human Research and approved by the local ethics committee.
Statistical analysis
Variables were investigated using the single-sample Kolmogorov-Smirnov test to determine normalcy of distribution. Continuous variables were expressed as mean±SD or median (min-max) in the presence of non-normal distribution, and categorical variables as percentages. Comparisons were made using chisquared test for categorical variables, independent samples Student's t-test for normally distributed continuous variables, and Mann-Whitney U test when distribution was skewed. Hardy-Weinberg equilibrium was evaluated using chi-squared test. To examine association of genotypes with HF, logistic regression analyses were performed, and the association was expressed as odds ratio (OR), or risk estimates with 95% confidence interval (CI). All statistical procedures were performed using SPSS software (version 14.0; SPSS Inc., Chicago, IL, USA). A p value of 0.05 was considered statistically significant.
RESULTS
A total of 186 patients with HFREF and 90 healthy controls were evaluated. Mean age of HFREF patients was 61±11 years (25% females), and mean age of healthy controls was 41±8 years (46% females). MTD of BBs was achieved in only 48% of patients. Demographics and clinical data are summarized in Table 1. the MTD, reasons were as follows: symptomatic sinus bradycardia in 33 patients, atrioventricular block formation in 20 patients (1st-degree atrioventricular block in 19 patients, 3rd-degree block in 1 patient), symptomatic hypotension in 26 patients, and dyspnea increase in 8 patients. Ten patients did not follow dose increase due to libido decrease (in 5 patients), and weakness (in 5 patients).
Only 162 patients agreed to genetic analysis. When comparing frequency distribution of Arg389Gly polyEchocardiographic and laboratory parameters did not differ significantly between the groups that reached, or did not, the MTD. There was no statistically significant difference regarding drug use between patients who reached, or did not, the MTD. There was also no statistically significant difference between BB types regarding patients who reached, or did not, the MTD (p=0.094, Table 2 ). The most frequently existing side effect was weakness, the rate of which was 49% at any single visit. For the 97 patients who did not reach Table 3 ). While the rate of CC genotype for Arg389Gly polymorphism was higher in the study group, the rate of GG genotype for Arg389Gly polymorphism was higher in the healthy control group. However, when comparing genotype frequency of GC for Arg389Gly polymorphism in HFREF patients with that of controls, no significant difference was observed (Table  3) . Rate of BB MTD achievement did not differ significantly in HFREF patients with different genotypes regarding Arg389Gly polymorphism and Cyp2D6*10 polymorphism (p=0.138, p=0.604, Table 4 ).
DISCUSSION
Arg389Gly polymorphism, one of the most common polymorphisms in ADRBs1, was presently studied for the first time in HFREF patients in Turkey, revealing a significant difference between patients and healthy controls. It has also been demonstrated that Arg389Gly polymorphism in ADRBs1, and Cyp2D6*10 polymorphism in genes related to the the Cyp2D6 enzyme, did not affect ability to achieve BB MTD in HFREF patients. In the present study, the rate of BB MTD achievement (as recommended in current guidelines) was found to be 47%. BBs act via ADRBs and are the main agents used in the treatment of HF. This rate was reported as 60% in the COPERNICUS study, 68% in SENIORS, and 64% in MERIT-HF. [32] [33] [34] The present rates of BB MTD achievement were slightly lower, compared with other large-scale studies, which may be an indication of caution concerning BB dose increase. Although certain standards are followed regarding BB dose increase in HF patients, the main decision is usually left to the doctor who monitors and treats the patient.
When baseline characteristics were examined, no statistically significant differences were noted, excluding AF and MI rates. Rates of patients with AF and MI anamnesis were higher in the group that achieved BB MTD. This result may be linked to a more aggressive approach used by cardiologists for heart rate control in this group. Factors related to BB tolerability have been identified, and include NYHA classification, age, diastolic blood pressure, plasma urea level, EF, presence of obstructive airway disease, and diabetes mellitus. [35, 36] Although no statistically significant difference was found between patients who achieved MTD and those who didn't, the fact that mineralocorticoid-receptor antagonist use in all patients was as low as 9% can be explained by the fact that the ESC Acute and Chronic Heart Failure guide was not published in time for our study to be included in its patient population. In addition, the present population included a small number of patients with NYHA classification III, and while calcium-channel blocker use was as high as 10% for HFREF patients, each of these patients took calcium-channel blockers for hypertension, with 7 taking amlodipine, 3 nifedipine, and 1 lercanidipine.
The present rate of BB MTD achievement did not differ among HF patients with different genotypes, regarding Arg389Gly polymorphism in ADRBs1. However, differences in BB tolerability among individuals with different Arg389Gly genotypes have been reported. In a study by Terra et al., HF patients with genotypes homozygous for Arg389 (CC), were shown to better tolerate metoprolol. [6] In a study by Liu et al., metoprolol was shown to cause a more noticeable decrease in heart rate in healthy volunteers with CC genotypes, compared to those with GG genotypes. [37] The sympathetic nervous system plays a key role in the development and progress of various cardiovascular diseases, particularly HF. [20] It is known that this process is mediated by catecholamines and via ADRBs, leading to neurohormonal effects. [21] ADRBs1 variants, with increased receptor activities due to different genotypic characteristics, may play a role in HF pathogenesis by increasing B-adrenergic signal transfer and reducing stress on the myocardia. Several studies have been conducted in order to evaluate the effects of these polymorphisms on HF pathogenesis. When Arg389Gly polymorphism is investigated by comparing patients with HF, specifically those with dilated cardiomyopathy, to healthy control subjects, no differences are typically determined in the majority of studies. [9, [22] [23] [24] However, in a limited number of studies, Arg389Gly polymorphism has been determined to differ significantly between patients with HF and healthy control subjects. [25, 26] In various studies conducted in different populations, Arg389Gly polymorphism has not been observed to differ between patients with dilated cardiomyopathy and healthy control subjects, as reported by Paczkowska et al. in a Polish population, Woodiwiss et al. in an African population, and Nonen et al. in a Japanese population. [27] [28] [29] Biolo et al. reported no difference in Arg389Gly polymorphism between patients with HF and healthy controls in a Brazilian population. [30] However, in a study by Forleo et al., Arg389Gly polymorphism was found to differ significantly between patients with dilated cardiomyopathy and healthy controls in an Italian population; the rate of homozygous wild genotype CC was higher in patients with dilated cardiomyopathy than in healthy controls. [31] In another study, conducted in a Mexican population, the GC genotype was detected at significantly higher rates in patients with dilated cardiomyopathy. In contrast to the findings of the Italian study, the rate of CC genotype was higher in healthy controls, though the rate of GG genotype did not differ significantly between groups. [25] Similar to the findings of the Italian study, the CC genotype was presently detected at higher rates in HFREF patients, compared to healthy controls. This leads us to consider racial differences with regard to ADRBs1 polymorphism in HF patients. In addition, this suggests that polymorphism can increase susceptibility to development of HF in populations in which differences between HF patients and healthy controls were found. different ways-and that the final decision regarding BB dose increase was left to the patient's doctor, as is customary.
In conclusion, the frequency of ADRBs1 Arg389Gly polymorphism in patients with HFREF in the selected Turkish population differed from that of the healthy control subjects. However, ADRBs1 Arg389Gly and Cyp2D6*10 polymorphisms did not affect achievement of BB MTD.
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According to these results, it may be suggested that ADRBs1s with homozygous wild genotype (CC) may have increased receptor activities, and that those with homozygous mutant genotype (GG) may function as if they were under natural beta blockade. However, findings similar to the present have also been reported, namely that ADRBs1 receptor polymorphism had no effect on BB tolerability. Particularly in studies conducted with hypertensive patients, changes in heart rate following metoprolol treatment were reportedly unrelated to Arg389Gly polymorphism. [38] In a subgroup analysis of the MERIT-HF study, connected to Arg389Gly polymorphism, the effect of metoprolol treatment on heart rate did not differ significantly between HF patients with different genotypes. [39] The Cyp2D6 enzyme is known to have a function in the metabolism of various BBs, such as metoprolol, carvedilol, bisoprolol, and nebivolol. [12, 40] The Cyp2D6 enzyme gene is known to be highly polymorphic, and about 80 of its alleles have been identified. Patients are commonly classified as ultra extensive metabolizers, extensive metabolizers, intermediate metabolizers, or poor metabolizers, based on their number of copies of functional CYP2D6 allele. [41] The Cyp2D6*10 allele is one of the most important Cyp2D6 variants with reduced enzymatic activity, which are referred to as residual functional alleles. As individuals with homozygous mutant genotypes of this allele are usually intermediate or poor metabolizers, it has been suggested that they will be more sensitive to BBs. [42] In addition, it has been indicated that BB tolerability and the development of side effects are not related to Cyp2D6 polymorphism. It has also been reported that different types of polymorphisms affect BB tolerability and the development of side effects. [6, 13, 14, 43, 44] However, in the present study, MTD achievement rate did not differ significantly among patients with different Cyp2D6*10 genotypes.
Two primary limitations may have affected the present study: small sample size and inability to achieve Hardy-Weinberg equilibrium for ADRBs1 polymorphism. Hence, the present results cannot be generalized to all Turkish HFREF patients. In addition, genotype distribution may have been affected by gender diversity of the groups. Final limitations included heterogeneity of population regarding BB usage-each drug had its own pharmacokinetics and the possibility to address genetic polymorphisms in
